This paper presents a new approach of health monitor using the curvature of the influence line. The study included numerical simulation and experimental test of Hbeam to demonstrate the effectiveness of the new approach. The specific work includes: loading test method for moving vehicular to measure displacement influence line of beam structure, obtaining Eigen-damage intrinsic mode function (IMF) of displacement influence line with ensemble empirical mode decomposition (EEMD), processing the second-derivative on displacement influence line to obtain curvature influence line of Eigen-damage IMF, fitting against which through polynomial to obtain quasiundamaged curve, using the product of absolute difference from both curvature influence line and quasi-undamaged curve to identify damage location of beam structures by means of the product of curvature difference map after fitted. Theoretical development and experimental verification are carried out on H-beam in this paper. In the experiment, measures of displacement influence line at middle span (L/2) of the H-beam when moving vehicular pass by. EEMD, curve fitting and calculating curvature of displacement influence line, etc. methods are used to process displacement influence line. The advantages of this experimental method are fast, time-saving, simple equipment set-up, and can avoid the disturbance of surrounding environmental vibration, but also trouble in a shortage of undamaged condition for the structure. ANSYS software in the paper simulates displacement influence line at middle span under loading test for H-beam to understand the change of displacement influence line for damage identification, which is used as a basis of theoretical development. Finally, conduct loading test method for moving vehicular to measure displacement influence line at middle span of H-beam; connecting with EEMD, curve fitting, and calculating the curvature of displacement influence line can effectively and quickly identify damaged location.
Introduction
For more than a century, the analysis of continuous elastic systems that are subjected to moving sub-systems has been a subjected of interest in many fields, from civil, mechanical to aerospace engineering. For bridge engineering, this problem finds its widest field of application. Indeed, the presence of structural damage, either due to environmental loads (corrosion, material loss, support deterioration) or to stress concentrations (cracks, joint failures), combined with the dynamic nature of the excitation can dramatically reduce the service life of the bridge [Bilello and Bergman, (2004) ]. These factors amplify the effect of any design or construction errors, or accidental damages: vulnerability and robustness are strongly reduced faced to extreme events. Any maintenance action, repair, or rehabilitation for mitigating is only relevant if the adapted procedures and methods that are used to evaluate the residual strength and the serviceability are available. In order to be able to manage structures under the changing conditions, it is important not only to have a good understanding of the real behavior of the structure, but to track, or monitor, that behavior or performance in time. In order to improve structural performance assessment, it is important to be able to characterize in a relevant way the real behavior of the structure. This process of determination, monitoring, and assessment of the performance constitutes the principle of structural health monitoring.
Another area inadequately covered is in the phase of recovery. After a catastrophic earthquake or flood, a large number of the population will be dislocated. The recovery processes are usually hampered by the numerous damaged civil infrastructures; some are totally and others are partially damaged. Therefore, it is critical to determine the safety of the partially damaged infrastructures, so that the society could regain their use and could help a speedy return to normalcy. Thus, there is an urgent need for a reliable, robust, and cost-effective nondestructive evaluation through the concept of structural health monitoring.
Inspections play a major role for the management of structures, before and after accidental or extreme events. According to Doebling et al. [1996 Doebling et al. [ , 1997 Doebling et al. [ , 1998 ], an ideal inspection method will have to satisfy the following conditions: (1) robust, objective, and reliable; (2) to be able to identify the existence of damages; (3) to be able to locate the damages; (4) to be able to determine the degree of the damages.
Other than the obvious cases, visual inspection (VI) method has a limited capability to detect damage, especially when damage lies inside the structure and is not visible. It certainly failed the first requirement, and thus contained uncertainties in the rest of the items in the above list. These requirements lead us to conclude that nondestructive testing (NDT) methods employ precise scientific sensors coupled with rigorous data analysis should be clearly preferred.
This alternative has been the central theme of research related to the safety of civil infrastructures. Many large programs of research and development in new technologies for the nondestructive evaluation of highway bridges have been initiated in many countries. The objectives are locating, quantifying, and assessing the degree of damages of the bridges. Although various technologies, such as infrared thermograph, ground-penetrating radar, acoustic emission monitoring, and eddy current detection, have been developed, all these technologies are feasible, but none of them is practical [Cremona, (2004) ]. The difficulties of the above systems are due, mostly, to their limited field of view. One will have to locate the damage first before he or she can use the sophisticated imaging devices to examine the damage in details. For a complicated structure, locating the damage is difficult enough. Even more mundane causes such as decoration inside a building often prevent us from seeing the structure members directly and easily.
Even if all the structure members are exposed, there is a great leap of faith to relate what we can see to the structure safety. The only viable alternative lies in the structure damage identification and health monitoring from the changes in their vibration characteristics. In principle, each structure should have its proper frequency of vibration under dynamic loading. The value of this proper frequency is related to the material properties and stress states of the structure. Sound as this argument is, the instrument inspection has never worked successfully. The reasons are many: first, there is a lack of the precision sensors to measure the detailed dynamic response of the structure under loading. Second, there is a lack of existing data of bridges to be used as a reference state, for civil infrastructures are all rather unique. Third, there is a lack of proper data-processing methods to process the structural response. Finally, there is a lack of sensitivity of the structure in response to the local damage, because of the large built in safety factor. A damage up to 50% of the cross section in a simply support beam can only result in a few percentages vibration frequency changes. Such a small frequency shift, when processed with the conventional methods, would be totally lost in the inevitable noise in all the real situations. Many researchers have worked on developing the damage assessment methods of structures based on the acquired dynamic responses. However, all of them have to face the situation that the sensitivity to small damages is sometime low and the effect from environmental loading and noise [Doebling et al. (1996 [Doebling et al. ( , 1997 [Doebling et al. ( , 1998 Fujino and Siringoringo (2007) ]. It must be emphasized that the success of damage detection procedures using vibration data requires that the inbuilt analytical procedures to be accurate enough to discern changes in response due to damages that could be small.
On the development of fast damage assessment techniques for bridge, the idea of using passing vehicle response to assess bridge condition has attracted a great academic interest among researchers. The concept is to use a vehicle moving over a bridge as a message carrier of the properties of the bridge. Many researchers start working on this topic recently [Yang et al. (2000) ; Pesterev et al. (2003 Pesterev et al. ( , 2004 ; Schenk and Bergman (2003) ; Cebon (1999) ; Pan and Li (2002) ; Majumder and Manohar (2003) ; Huang et al. (2005) ; Chen et al. (2006) ; Zhu (2004, 2005) ; Bu et al. (2006) ]. Interesting attempts to identify bridge frequencies using vehicle's vibration data were reported by Yang et al. This approach is typically unavailable to identify damage location and severity, but it is feasible for extracting fundamental frequency of bridges with restricted conditions. The approach using only vehicles' vibrations for bridge health monitoring is very ideal if possible. Majumder and Manohar [2003] have pointed out that in this context the bridge-vehicle system constitutes a time-varying system. Consequently, modal damping and frequency response function are not directly relevant to detect damage in such system. Of course, if one ignores the vehicle structure interactions and treats the moving vehicle as a moving force, the system becomes time invariant in nature and modal domain descriptions could still be used for damage purpose. In this case, however, the error due to ignore vehicle structure interactions would introduce unknown errors into damage detection process.
Due to the hard experience of the authors of the paper on the research of damage assessment by the dynamic response-based approach, the focus of the present study is shifted to develop a quasi-static approach to reduce the time-varying effect from the vehicle structure interaction into the response signals. Only the deflection influence line at certain point of the beam type structure due to a loading vehicle slowly passing the structure is required to be measured. According to the reciprocal theorem of displacement, the structure shown in Fig. 1 has the following relationship:
where s k is the location of the moving load P , s i is the location of the sensor, y i is the deflection measured at s i due to the loading P and w k is the deflection at s k due to the reciprocal loading Q. From Eq. (1), if the number of sensors approaches 
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to infinite and the magnitude of load P is a constant, one can have the following relation:
If the load Q is equal to the load P , then Eq. (2) is further reduced to
Certainly, this deflection curve is a function of its damage state characterized by the distribution of the flexural rigidity along the beam. Equation (3) can be interpreted as the deflection curve w(x) of a structure deformed by a load P at x = s i is equal to the influence line response y(s i , x) at x = s i due to a constant moving load P . Hence, the reciprocal system can be treated as a system installed with infinite number of sensors to report the static deflection due to a reciprocal load. That is, one can just install one sensor at certain location to obtain the complete deflection curve due a constant load by the measurement of the response due a moving load of the same magnitude. This concept of applying the reciprocal theorem to the damage assessment of beam structure by a quasistatic moving vehicular load can be illustrated by Fig. 1 . Researchers can beneficial to this clean and continuous data of deflection for the damage assessment of beam structure with defect of small size in the scanning direction of the moving load. This paper presents the feasibility of applying this influence function concept on the damage assessment of beam structure.
Analytical Model
A theoretical study of the response of a damaged Euler-Bernoulli beam traversed by a moving load is conducted first. Damage of the beam is modeled through the reduction of its flexural rigidity (EI ) by a factor α. rigidity αEI (0 < α ≤ 1). A static load P is applied at x = S. The analytical solution of the deflection as a function of S at the mid-span x = L/2 is derived by the Castigliano's 2nd theorem using an imaging load Q as shown in Fig. 2(b) . The deflection y 1 and curvature κ 1 at the mid-span depends on the location of the P loading is prescribed in four different intervals.
When P is within the interval of 0 < s ≤ l/2,
When P is within the interval of l/2 < s ≤ c 1 ,
When P is within the interval of c 1 < s ≤ c 2 , 
When P is within the interval of c 2 < s ≤ l,
(10)
Numerical Simulations
This paper is to simulate the H-beam in static loading via numerical simulation software ANSYS 10.0. Via the result of numerical simulation to study the possibility of detecting the damaged location by displacement influence line, the dimension of the H-beam as adopted as test piece in the experiment is 5.0 m in length, 0.175 m in width and depth, thickness of flange plate is 11 mm, web plate is 7.5 mm in thickness, with elastic modulus of 210 GPa, flexural rigidity EI is 2,064,489 N-m 2 , Poisson's ratio is 0.3, and density is 7,850 kg/m 3 , solid 45 element was adopted, with its length in axis at 2 mm, element quantity of 130,000. Simulated cases are including: (a) undamaged, (b) single crack damage of 1-8 cm (gapping is 1 cm) at x = 1.25 m, (c) dual-cracks: damage depth of 8 cm at x = 1.25 m, depth of 1-8 cm at x = 3.25 m (gapping is 1 cm), total is 15 simulated cases.
In simulating, apply static loading on each 97 locations (load extra on every 5 cm, 0.1-4.9 m), observe the displacement at the middle span of the H-beam (i.e. the displacement influence line at the middle span) so as to understand the variation of displacement influence line caused by damage. Figure 3 is constructing a 3D solid element H-beam, created a crack in 2 mm wide, the weight of vehicle axel is 127 kg each, axel distance is 0.2 m, and total loading is 254 kg. Figure 4 is the slope and curvature of the displacement influence line at the middle span of undamaged beam and single crack beam under different damage in degree; where, the maximum displacement at the middle span gradually increases along with the damage increases. Where, the slope influence line does not respond directly the damaged location. Further from the curvature influence line, the single crack cases indicated when damages reach as high as 2 cm up, curvature influence line shall have significant variation at x = 1.25 m, with its damaged location exactly between the two loading points. From the indication of curvature influence line of a dual-cracks damaged beam, when the cracked depth reach as deep as 2 cm up, the damaged location can be clearly identified; with the damage degree at x = 1.25 m free from the influence of the damage gradually enlarges at 3.25 m, the amplitude of curvature influence line keeps unchanged.
Experiment

Instrumentation and measurements
The electronic measuring apparatus as adopted includes: width, web plate in 7.5 mm width, with both ends of the beam placed on the supporting point of steel hinge and mounted on the concrete foundation. The testing items in plane include ( 
Test results and discussion
The result of static vehicular loading test
From the result of numerical static loading simulation, it indicates after proceeding the possibility of damage in detecting by applying curvature influence line, then carries out the static loading test in lab (Fig. 6) ; where, each loading (0.2-4.8 m) was placed every 0.2 m in experiment, manual slits in 2 mm width, in 7 cm depth at x = 1.20 m. Figure 7 is the graph of displacement influence line and its curvature at the middle span in a case of undamaged beam and with single crack with 7 cm deep damage; where, from the displacement influence line is not able to obtain directly the related information of damaged location; further in observing the curvature influence line graph, it is found either of four loading cases can be observed the damaged location at x = 1.2 m. from the left of the H-beam. In the same way, it is not able to observe the damaged location from the shift of displacement influence line; while, it is able to observe two damaged information at x = 1.2 m and x = 3.25 m from the curvature influence line instead. However, it is not easy to observe the damaged location directly from the curvature influence line graph, as in reviewing the result of numerical simulation, the curvature influence line of undamaged beam should close to the linear distribution of equilateral triangle, as well as with the variation of amplitude at the damaged location (Fig. 4) . As this undamaged curvature should be a smooth curved line that we were trying to simulate the polynomial curves in obtaining the quasi-undamaged curvature curves; in the mean time, make the deduction of experimental curvature (C(x)) and quasi-undamaged curvature (C 0 (x)) that the damaged location should be able to be diagnosed effectively.
First, a single crack damaged case of 7 cm was taken for testing. As the loading position varies each time that the MATLAB curve simulator was applied to project and fit the curve; where, in order to make it base on the same X-coordinate experimental curve, the projection of nearest neighbor method was adopted to obtain the synchronous curve on X-coordinate.
Followed by fitting the undamaged curvature of experimental curvature by 4-polynomial and obtained quasi-undamaged curvature as shown in Fig. 9 ; then deduct two curves and obtained fitting curvature difference graph of Fig. 10 . Where, it showed the damaged locations at x = 1.20 m of four loadings have changes in peak value. In order to intensify this characteristics changes, multiply the fitting curvature difference of these four loadings to enhance the curvature variation at the damaged location, we obtained Fig. 11 , the multiply graph of fitting curvature difference at left.
Where, the damaged locations at x = 1.20 m come with significant variation of curvature; while, the peak value at the middle span is considered due to poor peak at the middle span in polynomial fitting curvature graph; while, when beam comes into the dual cracks damaged condition, the result of damage in diagnosis is as shown in Fig. 11 at right. As the curvature at the middle span will not keep in peak point status any more (see Fig. 8 curvature influence line graph), the 4-polynomial shall present better fitting curvature curve in enabling the peak value at the middle span not appear anymore; meanwhile, the result of damage identification indicated dual cracks has shown rather satisfactory damage identification in performance.
The result of quasi-static vehicular loading test
From the displacement influence line of static loading test, it is found the utilization of the shifted curvature influence line at the middle span can diagnose effectively the damage location. However, it takes quite a long time in carrying out the experiment process each time, as if it is intended to obtain better damage locating in effect, the adding of loading quantity should be increased to a certain amount in distribution density. While, most bridges on site are tens of meters long that the bridge should be closed when static loading test is applied. In order to overcome this problem, this paper tends to try by utilizing moving vehicular loading test in lab by using various vehicular loader and let them pass the measuring H-beam (Fig. 12) at low speed. First, it solves the time-consuming problem due to static loading test; second, it skips away the high traffic peak in using bridge to proceed moving vehicular loading test and eliminates the disputes of closing bridge long time. Besides, the slow passing of the vehicular loader by the measuring bridge is able to reduce the possible vibration as caused by that of the fast passing the bridge, which minimizes the difficulties of signal analysis.
As the displacement influence line at the middle span as measured from the simulated static loading test comes with complicated interference signals and vibration sources that the empirical mode decomposition (EMD) and ensemble empirical mode decomposition (EEMD) has been implemented to filter out the interference factors. First, trying to decompose by EMD the displacement influence line at the middle span as measured and obtains several intrinsic mode functions (IMFs). However, question is how to pick up the specific one from the decomposed IMFs so as 
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to determine the damage location by its characteristics. Besides, in considering the complicated interference effect as may be brought by the signal, first to try by applying the result of numerical simulation of static loading on the signal processing test (first, study the static displacement influence line under non-vibration and non-noise conditions).
A single crack of 8 cm in damage was taken in describing the case here. First to decompose the displacement influence line at the middle span as simulated by EMD, and to obtain two IMFs as shown in Fig. 13 . Then, differentiate twice of them to obtain curvature influence line; where, the first IMF is that with damage characteristics IMF (C d ) (Eigen-damage IMF); and the 2nd IMF is the undamaged characteristics of an undamaged H-beam. Figure 14 is the IMF (C d ) (Eigen-damage IMF) curvature as obtained by twice differentiating the X-axis of IMF from each damage examples; where, the damaged location identification effect by applying this IMF (C d ) (Eigen-damage IMF) comes with the best performance.
However, if there undamaged state data of the above analyzing process for the foundation, lots of unnecessary disturbances could be eliminated for sure. In fact, most current bridges are facing the condition of lack of undamaged state data. Thus, how to obtain the undamaged state data of bridges to be measured becomes a tough issue in diagnosing the damages. On the other hand, when in observing the curvature influence line, we can find there exists a special phenomenon on the damage characteristics, i.e. the curve of Eigen-damage IMF of a case with undamaged is in rather smooth without significant fluctuation, further, the variation of this Eigen-damage-IMF becomes more and more drastic along with the increase of damage degree. Thus, we consider Eigen-damage IMF at undamaged state should be a smooth curve that implementing the method by 4-9 polynomial fitting curve of a 8 cm damage with its Eigen-damage IMF, and obtain Fig. 15 as the Eigen-damage IMF by applying 4-9 polynomial fitting result; twice differentiate the Eigen-damage IMF and polynomial fitting curve (quasi-undamaged curve), deduct each other and obtain a differential curve after fitted. Where, the damage locations have similar trending in variation in curvature change. Thus, in order to intensify the variation trend, take the absolute value and multiply those differential curve after fitted curve with their related coefficient larger than 0.99, and obtain a differential curve after fitted and multiplied (Fig. 16) . From the figure, the variation of the damage location curvature becomes rather significant, which is much easier to determine the damage location. From this verification, the signal analysis processing could effectively identify the damage location that the moving vehicular loading of displacement influence line at the middle span shall be applied by EMD method, so that this Eigen-damage IMF can be obtained; in the mean time, the Eigen-damage IMF can be proceeded its curve fitting and 2nd differential in processing.
After the feasibility of the numerical simulation of the above analysis process has been confirmed, apply this analysis process on to the signals of moving vehicular loading test; Fig. 17 is the signals as measured by PSD. In figure, a is the time point when vehicle runs from acceleration section into the crossing at 0 m in measuring; b is the time point when its front wheel of vehicle reaches the crossing at 5 m; finally c is the time point when its rear wheel leaves the crossing in measuring. Via these time points and known length of the H-beam, it is able to calculate the average vehicle speed in crossing; where, the motor rpm as adopted in the experiment is 10, 20, and 30, with the corresponded speed at 1.2, 2.3, and 3.4 km/hr. From the experimental result of static loading test, it indicated the more serious damages can be easily identified, thus using a case of 8 cm single crack damage for analysis in description so as to verify the feasibility of preceded analysis method in diagnosing the damaged location. As much measurement of various vehicle speeds has been done, thus this multiple displacement influence lines at the middle span can be averaged to obtain an averaged displacement influence lines so as to reduce the influence of high-frequency vibration or irregular vibration. However, though each measurement of rate in time axis is fixed, each vehicle speed cannot be kept exactly the same. As after vehicle location is converted, it will result in unconformity in Xaxis that makes it unable to average. Thus, the nearest neighbor interpolation (NNI) was adopted in obtaining the synchronized displacement influence lines in X-axis. Taking these synchronized displacement influence lines in average and obtaining several displacement influence lines at the middle span in average (C m ) (averaged displacement influence line), then decompose them by EMD and obtain several IMFs; then, further proceed 4-9 polynomial curve fitting the Eigen-damage IMF to obtain six fitting curves; taking those curves with their relation coefficient larger than 0.99 and defining as quasi-undamaged curve. Figure 18 is the displacement influence line at the middle span of 15 records that are collected by retrieving three test data each from the various vehicle speed (10, 15, 20, 25 , and 30 rpm) in a single crack of 8 cm damage. Utilizing NNI in obtaining synchronized displacement influence lines in X-axis and taking average displacement influence line (C m ) as shown in Fig. 19 ; where, many high frequencies and irregular vibration (i.e. cable contraction, ambient environmental vibration, unstable vehicle speed, etc.) were shown that several data as measured were vanished due to being averaged; meanwhile, smoothed the displacement influence line at the middle span. Decompose the averaged curve (C m ) by EMD and obtain various IMFs (C i , i = 1− n, n is the quantity after EMD decomposed). In Fig. 20, (1) is the averaged displacement influence line, (2)-(15) are the various IMFs (C i , i = 1 − n) after EMD decomposed; where, the 11th IMF is similar closest to the Eigen-damage IMF of the displacement influence line of static loading test that decomposed by EMD.
Thus, proceeding the Eigen-damage IMF curve for curve-fitting by 4-9 polynomial and obtain various quasi-undamaged curve (C f 1 − C f 6 ), taking those with related coefficient larger than 0.99 for curvature difference in calculation by twice differentiating in combination with the Eigen-damage IMF and obtaining curvature influence line, then deduct each quasi-undamaged curvature (C uj , j = 1 − k, k is the quantity of quasi-undamaged curvature whose related coefficient larger than 0.99) from the Eigen-damage IMF curvature (C udj , j = 1 − k, k is the quantity of quasi-undamaged curvature whose related coefficient larger than 0.99), and obtain fitting curvature difference; then, taking the absolute value of them and multiplies; finally obtain fitting curvature difference in multiplication (Fig. 21) . In observing the distance between the two peak value and found it is 20 cm, determine that it is related with the wheel distance of 20 cm. However, if it is determined according to this result, the damage location should be at 1.8 m, which shifts away 0.55 m from the actual damage location as occurred. Guess the reason to cause this deviation is because the damage-IMF shifts right horizontally by the way the average curves were taken during the EMD process. Thus, we decided to try EEMD instead. Expect by adding white noise to reduce the Eigen-damage IMF in shifting issue in signal decomposition.
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According to the published paper about the process of EMD by Huang, adding white noise could effectively improve the time-shifting problem as caused in EMD process. Thus, in order to prevent the Eigen-damage IMF from being overlapped by over-large white noise by doing EEMD in signal decomposition, adding in various times (1, 10, 50, 100, and 200 times) as well as STD deviation of 0.1% of the original signal white noise into the original signal, then proceed EEMD signal decomposition as shown in Fig. 22 . Afterwards, take 4-9 polynomial fitting curve procedure of this Eigen-damage IMF and retrieve the quasi-undamaged curve with its related coefficient larger than 0.99, and calculate fitting curvature difference multiplication (Fig. 23) ; where, when white noise is added up to 100 times, the damage location in identification tends to be steady; while, when white noise added up to 200 times, the result of fitting curvature difference multiplication is found to have some minor changes. Therefore, we decided to add white noise at 100 times in the EEMD signal decomposition later on. After the influence of white noise adding times was confirmed, the factors what left is the white noise level in adding. Thus, various STD deviation (1.0, 0.1, 0.01, 0.001 and 0.0001) of white noises at 100 times were added in EEMD, the Eigendamage IMF was obtained as shown in Fig. 24 . Where, the Eigen-damage IMF is closed to the result of EEMD (100 times, STD deviation 0.1 white noise). Do the 4-9 polynomial fitting curve of Eigen-damage IMF as obtained from the EEMD decomposition, reserve the quasi-undamaged curve with related coefficient larger than 0.99, and calculate fitting curvature difference in multiplication as shown in Fig. 25 . Where, the result of analysis by applying EEMD (100 times, +0.1 STD dev. white noise) is closest to the actual damage location (1.25 m). Meanwhile, two peak values of the damage locations were determined to be caused by two wheels passed by; where, the start point of the first peak value was just on the damage location. The question is why taking 0.1 STD dev. white noise will result in better identification capability. Now, divide the Eigen-damage IMF range of 0.112 mm (IMF11 in Fig. 20 ) as decomposed by EMD by the maximum displacement 1.224 mm (Fig. 19 ) of the displacement influence line at the middle span and obtain the ratio of 0.092 (which is closed to the white noise with 0.1 STD dev.). After the feasibility of 8 cm damage of single crack in diagnosis has been confirmed, we shall test that of a dual-cracks case. Figure 26 damage location identification at x = 1.25 m is fine. While, Fig. 27 is the result of diagnosis of a dual-cracks with 8 cm + 8 cm; where, it shows that the effect of damage in diagnosis is good as well.
In summarizing the result of the above analysis, it shows that the moving vehicular loading test can effectively detect the damage location; the integrated analyzing process is described as follows:
Step 1. Taking displacement influence lines (C o1 (x), C o2 (x), . . . , C op (x) at the middle span as obtained from the multiple measurements (p is the quantity of displacement influence lines at the middle span in multiple measurements), applying NNI in obtaining synchronizing displacement influence lines in Xaxis and picking average displacement influence lines (C m (x)) at the middle span.
Step 2. Use EEMD to decompose averaged influence line (C m (x)), add 0.1 STD dev. +100 times white noise and decompose by EEMD, obtaining several IMFs, i.e. C 1 (x), C 2 (x), C 3 (x), . . . , Cn(x) (n is the quantity of IMFs after decomposed by EEMD); pick the Eigen-damage IMF (C d (x) = C j (x), j is one of the Eigen-damage IMF after decomposed by EEMD).
Step 3. Applying 4-9 polynomial fitting curve to fit Eigen-damage IMF (C d (x)) and obtaining several quasi-undamaged curve (C u1 (x), C u2 (x), . . . , C uk (x), k is the quantity of quasi-undamaged curves with related coefficient larger than 0.99).
Step 4 . Do twice differentiate the Eigen-damage IMF and each quasi-undamaged curve (C uk (x) ) to obtain the Eigen-damage IMF curvature (C dc (x)) and various quasi-undamage curvature (C uck (x)).
Step 5. Deduct the Eigen-damage IMF curvature (C dc ) from the quasi-undamaged curvature (C uck ), then multiply its absolute value to get a fitting curvature difference in multiplication (C md (x)).
Conclusions
The numerical simulation, experimental test of H-beam, has been done in this paper; here are the summaries and suggestions:
(1) From the result of simulated static loading test of an H-beam, taking the average of the displacement influence lines at the middle span, then proceed the EEMD to the averaged displacement influence line at the middle span can effective segregate out the Eigen-damage IMF of a beam structure. Further to precede polynomial curve fitting this Eigen-damage IMF can calculate its fitting curvature in multiplication can effectively diagnose the damage location, by which the single crack and dual cracks of 8 cm in damage cases have verified the argument. Thus, to study the sensitivity of this, analysis to the damage degree shall be our future topic in discussion. (2) As the undamaged state data of the structure to be measured is obtained from the EEMD and curve-fitting methodology that it breakthroughs the difficulties encountered in obtaining it traditionally. Besides, the equipment and device as used in this method is limited to displacement meter, easy and convenient. Add up the experimental method would only require one or several vehicular loader with different weight and drive them slowly across the bridge to be measured that closing bridge in long time could be eliminated. (3) In EEMD process, the question why the result of adopting 0.1 STD dev. White noise is much better was asked. In the paper, we divide the Eigen-damage IMF range of 0.112 mm (IMF11 in Fig. 20 ) as decomposed by EMD by the maximum displacement 1.224 mm (Fig. 19 ) of the displacement influence line at the middle span and obtain the ratio of 0.092 (which is closed to the white noise with 0.1 STD dev.). (4) From the result of simply supported H-beam in static loading test, moving vehicular loading test, the loading position of vehicular loader shall control and influence the accuracy of curvature influence line; add up the experiment on site, it is not easy to control the vehicular loader at constant speed. Therefore, suggest the later on study take the real-time record of the moving vehicular position and process the displacement influence line synchronously. From the result of experiment, the displacement influence line comes with excellent capability of damage in locating that recommend it apply on the high-accuracy remote displacement measuring equipment to the on-site bridge.
